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ASSTACWr

The H2 experiment was a comprehensive large scale study of the

relative merits of homogeneous and heterogeneous sectioning modes for

the purpose of determining sectioning policy in ore mathematics courses.

In Calculus II, 429 cadets were homogeneously sectioned and 428 were

heterogeneously sectioned. Thirteen and twelve instructors were

respectively assigned to the homogeneous and heterogeneous sections.

Cadets and instructors were assigned via stratified random procedures

and extraneous variables which could affect measured outcomes were either

balanced or randomized in the design. Measured outcomes included math

achievement, fail rate, cadet outside study time, EI workload and

instructor opinion. Overall, no statistically significant mean

differences were attributable to sectioning mode.
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Chapter I

INTRODUCTION

Since the founding of the US Air Force Academy, cadets have been

sectioned hcmogeneously according to aptitude in core mathematics

courses. In this procedure, a predictor variable which is related to

aptitude is used to rank order cadets prior to section assignment. Examples of

predictor variables are academic composite score, placement test score

or score in the previous math course. The top n cadets in the rank order

are assigned to the "A" class section, the second n cadets to the "B"

class section and so on until all cadets are assigned. This practice

was inherited fram the US Military Academy and dates fram 1818. 1

Homogeneous sectioning is intended to acarx~date a higher degree

of "instructional tailoring" to the specific needs of individual cadets

than is possible under other group-oriented instructional strategies.

When aptitude variance in the class section is minimized, a single pace

and level of presentation are presumed to be more appropriate for each

cadet. Historically, hamogeneous sectioning has also been used as a

behavioral incentive for improved performance. When haogeneous

sectioning is used for this purpose, prestige is conferred on the highest

sections through introduction of advanced material, instruction fran

high-ranking faculty or same other means. Assignment to a low section

is not prestigious and cadets are resectioned monthly or after every

graded review. The practice of resectioning during the course was

abandoned several years ago in core mathematics courses at the USAFA.

Homogeneous aptitude sectioning is well publicized as a positive

feature of the USAFA academic systen. The hypothesis that homogeneous

sectioning enriches the learning environment more than does randam

(heterogeneous) sectioning has been accepted as an article of faith,

but at least in core mathematics, this hypothesis has not been empirically

verified. Some verifications have been attempted, but these have not

adequately tested the hypothesis under sound experimental conditions.

4W.E. Simons, Liberal Education in the Service Academies, Teachers
College, Columbla university, 165,- p 41.



Cadets were heterogeneously sectioned in Math 131 during the Fall

1977 and Fall 1978 semesters as an incidental result of an educational

experiment on teaching strategies. For most math faculty, these two

episodes provided the first opportunity to experience an alternative

sectioning scheme in a large core mathematics course. Heterogeneous

sectioning made a favorable impression on several faculty members. In

their opinions, heterogeneous sectioning improved cadet interaction in

the classrom, provided mathematically deficient cadets with successful

cadet role models, and eliminated the frustration of whole class sections

of disinterested and mathematically deficient cadets. As a result, the

Math 132 course director requested permission to het rogeneously section

cadets in that course in the Spring 1979 semester. To obtain facts on

the relative merits of homogeneous and heterogeneous sectioning, the

Acting DFMS Heal directed that an experimental comparison be conducted

in Math 132, the second core mathematics course, during the Spring 1979

semester. That comparison is described and results reported in this

document.

In Chapter II, the experimental design and methodology are outlined.

In Chapter III, analyses and results are discussed. Finally, in

Chapter IV, conclusions are drawn and outoomes summarized. Unless

otherwise stated, results of statistical tests of hypotheses are

reported with a confidence coefficient of 0.95.

2
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Chapter II

DESIGN AND METIEDOLOGY

In this chapter the experimental design used to cmpare hcmogeneous

and heterogeneous modes of sectioning is described. Operational methods

used in conducting the experiment are also explained. The experiment

was conducted in Math 132, Calculus II, a three-unit every day course

in which all cadets who successfully ocnipleted Math 131 in the Fall 1978

semester were enrolled. The experiment was designed to satisfy several

criteria. One criterion was to control extraneous factors such as

instructor experience and cadet aptitude, which might mask any effects

of treatment. A second criterion was to obtain sufficient statistical

power in the experimental design to detect any differences in educational

or administrative outcomes caused by treatment which might be of practical

importance. A t'I. ,d criterion was to measure a suffi-iintly broad range

of outcmes such as Math 132 achievement, cadet study time, El workload

and fail-rate to afford a comprehensive perspective of treatment effects.

Measured outccmes are called dependent variables throughout the report.

Mode of sectioning is called treatment with hcmogeneous sectioning

constituting one level of treatment and heterogeneous sectioning

constituting another level. Factors such as cadet aptitude, instructor

experience and treatment which were controlled and analyzed for their

effects on measured outoomes are called independent variables. The

initial plan of the experiment is included as Appendix A.

Cadet Assignment to Treatment

To understand the assignment of cadets to treatment, it is first

necessary to understand the measure of "aptitude" used in the study.

This is an important point because equality of mean "aptitudes" was the

major criterion in assignment of cadets to cells in the experimental

design. Cadet "aptitude" is really a convenient misncmer in this report.

The measure of aptitude used throughout this study was Math 131 percent

score although it is known that this score is affected by motivation and

other factors than aptitude. Math 131 percent score was the strongest

3



available predictor of Math 132 percent score having a correlation in

the total experimental population of 0.76.

Using the master scheduling algorithm maintained by the Departntnt of

Curricu hm and Scheduling, 856 cadets were assigned to Math 132 in class

period 1, 2, 3, 4, 5, 6, or 7. The mean aptitude of the cadets assiqned in

each period of the day was computed and the means were tested in a one-way

analysis of variance (ANOVA) to determine whether they differed siqni ficantly

fron period-to-period. They did not (see Tables 1l and B2, Appendix B).

Cadets in periods 2 and 6 were then sectioned homogeneously on

aptitude as described previously. Cadets in periods 3 and 4 were sectioned

heterogeneously according to the followi ng procedure: (a) cadets were

initially rank ordered on aptitude as in hcmogeneous sections; (b) the

first cadet in the rank order was assign(d to section A, the second to B

and so on until (-no cadet was assigned to each of the k sections in the

period; (c) the next k cadets were t-bigiied to sectionld in reverse order

so that the 2kth cadet was in the A section. Steps (b) and (c) were

repeated until all cadets were assigned. In each of periods 1, 5, and

7, half of the cadets were hooeneously sectioned and half hetero-

geneously sectioned. The procedure here was to initially rank order all

cadets assigned to the period on aptitude. Odd ntmbered cadets in the

rank ordering were hcrjeieously sectioned. Even numbered cadets were

heterogeneously sectioned as described in (a),(b), and (c) above.

The reason for the particular sectioning scheme was the hypothesis

that period of the day could itself affect cadet prformance. According

to this hypotlesis, performance in periods 2, 3, 4 and 6 would be

similar but performance in periods 1, 5 and 7 would be. systematically

different; lower in period I because cadets are not fully awake, lower

in period 9 because of drowsiness fram lunch, and higher in period 7

because on-season athletes are usually not assigned in that period. The

hypothesis was tested after the experiment in a one-way analysis of

covariance with aptitude as covariate and was rejected. No significant

differences in Math 132 percent score could be attributed to the effect

of period of the day (see Tables Ill and B3, Appendix B).

4



Instructor Assigrment to Treatment

The 25 Math 132 instructors were categorized as to experience level

and assigned to treatment in such a way as to balance instructor

experience in both treatments. Results of the assigrment scheme are

shown in Table 1. Instructors did not cross treatments.

Table 1. Instructor Experience Breakdown

Experience Treatmenta Prior Teaching
Level flo Hetero Experierce at AFA

1 4 3 None

2 4 3(l) 2 years

3 4(l) 5 > 2 years

aNumbers in parentheses indicate instructors who
participated in the experiment but left prior to
administration of the 1 , I --I roatment survey. These
instructors are not inclucied in the instructor
opinion analysis but their students are included
in the achievvment analysis.

In addition to experience level, instructor forces were also

balanced on treatment preference, number of rated instructors and number

of split-loaded instructors.

Methodology

Instructors with hamxjenous sections were advise-d to provide ample

drill for low sections and enrichnent material for high sections.

Instructors with heterogeneous sections were advised to use stronger

students to help weaker students in their classes. As is customary in

core math courses, instructors were given wide personal latitude; no

attempt was made to insure that the given advice was acted upon.

To minimize reactive effects which might contayinate measurments,

a low profile was maintained for the experiment. Just prior to the

experiment, instructors were told that an expe-imental study on effects

of homgeneous and heterogeneous sectioning would be conducted in

Math 132. Thereafter, no further mention was made of the experiment

5



until after the concKlusion of Math 132. All comparative data were

acqui red fromi sources normally available in care math ourses. That

is, no measuremients unique to the experiment which~ might have heightened

awareness of the experiment and perturbed outoofm were made during the

experiment. Data were accumiulated by an independent investigator

outside Math 132. No comiparative analyses were performed until all

data were acquired. Without prior knowledge that an experiment was

underway, one would not have detected that fact from day-to-day observa-

tions in Math 132.

Several dependent variables were analyzed in the study to minimize

the possibility that effects of educational or adninistrative in~xrtance

might escape detection. Dependent variables included math achievmnt,

fail rate, cadet out-of-class study time, El workload and instructor

opinion.

6



Chapter III

ANALYSES AND RESULTS

In this chapter, the measuraent and analysis procedures and the

results for each dependent variable are described separately.

Math Achievement

Two dependent variables for math achievemnt were employed in the

study: (1) total Math 132 percent score which was the sum of 32 quiz

scores (33% of total), 3 graded review scores (35%), one final exan (29%),

and 100 instructor prerogative points (3%); and (2) Math 132 final exam

score. The first variable, while more comprehensive, was subject to

contamination by factors other than achievement. For example, the

allocation of instructor prerogative points may have been based on other

criteria than achievNent. The second variable was invulnerable to such

contaminants because final exams were standardized in content and admin-

istration and were team-graded. It turned out that measurements on

either variable led to precisely the same results. Therefore, only the

results on total Math 132 percent score are included in this report.

Math 132 percent score was treated as the dependent variable in two

modes of statistical analysis, analysis of variance (ANVA) and regression

analysis.

Analysis of Variance (ANOVA)

Analysis of variance is a statistical technique in which the total

variation in values of a dependent variable is partitioned, and ccmponents

of the variation are ascribed to each independent variable under test

for significance on the dependent variable2 . An ANOVA was conducted on

857 cases in a factorial design with three independent variables: treat-

ment, cadet aptitude and instructor experience. There were two levels of

treatmrent, homogeneous sectioning and heterogeneous sectioning. There

were three levels of aptitude; low corresponding to Math 131 percent

scores <72.6, medium, corresponding to scores 272.6 but <80.5 and high

2or a detailed discussion of ANOVA see G.V. Glass and J.C. Stanley,
Statistical Methods in Education and Psychology, Prentice-Hall, 1970,
pp 338-380.

7

L



corresponding to scores ::80.5. These particular divisions were chosen

solely to obtain nearly equal cell frequencies in the ANOVA. There

were two levels of instructor experience; inexperienced which was

synonymous with level 1 in Table 1 and experienced which was an aggregate

of levels 2 and 3 in Table 1. Levels 2 and 3 were combined solely to

obtain nearly equal cell frequencies in the ANOVA. In the ANOVA,

instructor experience level was shown to have no significant effect on

cadet performance in Math 132 (see Tables B4 and B5, Appendix B). That

is, instructors with virtually no prior classroam teaching experience at

the USAFA produced indistinguishable performance results from experienced

faculty. Similarly no significant interaction of instructor experience

with treatment or with cadet aptitude level was detected (see Tables B4

and B5, Appendix B). Furthermore, no three-way interaction of the three

factors was detecttid (see Tables B4 and B5, Appendix B).

As a result of the ANCVA descrih&- in the previous rar"kjraph, the

instructor experience factor was collapsed in the design and effects of

treatment and cadet aptitude were re-analyzed in a two-way factorial

ANOVA to increase statistical power. Cell means, standard deviations and

cell frequencies are shown in Table 2. Detailed ANOVA results are shown

in Table 3.

Table 2. Cell Statistics of Math 132 Percent Scores

Cadet
Aptitude

Treatment Level Mean Std Dev Freq

Homogeneous 79.1 10.8
Sectioning

LOW 69.2 9.1 141
Medium 79.8 7.3 147
High 88.3 5.7 141

Heterogeneous 78.6 10.3
Sectioning

LOW 69.6 8.8 139
Medium 78.6 7.5 146

8 High 87.3 5.7 143t8



Table 3. Two Factor ANOVA Results on Math 132 Percent Score

Source df MS F

Treatment (T) 1 78.3 1.41

Cadet Aptitude (A) 2 23896.8 429.04*

T x A 2 54.5 .98

Residual 851 55.7

*p .001

Salient results frcon Tables 2 and 3 are as follows:

1. Mean Math 132 percent scores of the hcmogeneously and hetero-

geneously sectioned cadets were not statistically different at even the

.8 confidence level.

2. Cadet aptitude, as measured by Math 131 percent score, had a

strong effect on Math 132 performance in both sectioning schemes.

3. Aptitude-treatment interaci .... not significant at even the

.8 confidence level. This is an important result since it was widely

hypothesized that heterogeneous sectioning would "help" weak students

but would "hurt" strong students. An aptitude treatment interaction

diagram is illustrated in Figure 1. A slight effect in support of the

hypothesis is observable due to the high magnification of the vertical

scale. }kcever, this effect is weak; the probability that the effect is

due to chance is .38, about two in five.

Certain other results were obtained in ancillary analyses of variance:

4. Period of the day was not a significant factor affecting Math

132 performance in either sectioning scheme.

5. It was hypothesized that the performance of a class section might

be enhanced by labeling it "A" and depressed by labeling it "F." A

specific test for effect of labeling was built into the experimental

design. The test produced a null result. Labeling sections as "A,"

"B," or "C" as contrasted with "D," "E," or "F" had no detectable effect

on Math 132 performance.

9
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Using this model, 57.3% of the variance in Math 132 percent scores can

be explained. However, 57% of the variance is explained by the aptitude

variable. The probability that B2 is significantly different from zero

is >.999. On the other hand, neither B1 nor B3 differs significantly

from zero. Thus aptitude is the only significant predictor of Math 132

performance. Graphically, this can be seen from the following analysis

in which the to regression lines suggested by the above model are

compared.

The above model reduces to

M132' = B0 + B2A = -4.80 + 1.10 M131

for homogeneous sectioning and

M132' = B0 + B1 + (B2 + B3 )A = 1.84 + 1.00 M131

for heterogeneous sectioning. These two lines are graphed in Figure 2.

Lw aptitude caM;L id slightly better under heterogeneous, sectioning

and high aptitude cadets under hcogeneous sectioning but this effect

was very weak and very likely due to chance. Conclusions drawn fran

Figure 2 are the sam as those drawn from Figure 1.

100

d 90 homogeneous heterogeneous

80

70

60

60 70 80 90 i00

Math 131 %
12 Figure 2. Regression Lines for Hcmogeneous and Heterogeneous

Sectioning



Another linear reqression nmxlel imncWoratinq period of the day and

instructor experience level as additional independent variables was

investigated. Neither variable contributed significantly to the explained

variance.

All strengths of effects determined in the regression analysis

were in camlete agreemnt with results of the analysis of variance.

Fail Rate

Fail rate is defined as tl- percent of students who took the final

exam that rec eived an F course grade. The Mati 132 fail rate in

homagencous sections was 5.1%. In heteroiqe1nous sections the fail rate

was 4.7%. For all practical purpo ses, the fail rates were the same in

both treatments.

Cadet Sttxt" Time

Self- reorti out-of-class study tins of hmjenwously and heteM -

qeneously sectionex cadets were cxmtkiri to detect any difference in

level of cadet effort attributable to tr-eatment. The typical study time

meAsuraient method in core math courses is to relqest awonmous reporting

of preparation time on a form circulated in te class section. Such
form are distributed without prior announcemwnt to randcmly selected

sections on raixknily selvectedN lessons. Many possible sources of

invalidity can be identified in this measurixment method. For exanple,
the operational definition of out-of-class stud, time is not standardized

among cadets and they may report based on different definitions. Other

neasurewnt deficiencies cloud results of the treatment caxixrison. For

example, the sampling scheine was not stratified on the all-in~xrtant
aptitude variable; the relative proportions of high and low aptitude

cadets that were sanpled differed drastically between treatments.

Hmuqencous sections were sanpled 84 times and heteroqeneous sections

were sanpled 82 times. Based on these data, the nxx-u stuky tint- p-r

cadet per lesson was 54.5 and 53.7 minutes respectively in the IX-riuieneous

and heterogeneous treatments. For all practical purp-oses, tl-re was no

difference in mean sttk, time per lesson.
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Extra Instruction

The total time expended in extra instruction (El) was ccmpared between

treatments as one indicator of instructor workload. Upon completion of

an EI session each instructor gave each cadet an EI slip on which to

report nunber of minutes of EI received. Each cadet was directed to

deposit the slip in a designated container in the math department office.

Total EI time was omputed fran the slips. While several possible sources

of invalidity in this measurement method are identifiable, none of these

contribute to systematic difference between treatments.

Total El times reported in the homogeneous and heterogeneous treat-
ments were respectively 260.4 and 259.2 hours. Strikingly, the difference

was only 68 minutes in 260 hours. For all practical purposes, the same

amount of EI was administered in both treatnents.

Instructor Opinion

To assess instructor opinion regarding homogeneous and heterogeneous

sectioning, a pretreatment survey was administered one month prior to

the start of the experiment and a post-treatment survey was administered

one month after the experiment's conclusion. Sample survey forms are

included as Appendix C. For purposes of analyzing instructor opinion,

instructors were categorized in the three experience levels of Table 1.

The pretreatment survey was used primarily to balance instructor

forces between treatments. This survey was not administered to instructors

at experience level 1. By the time of the post-treatment survey all

instructors assigned heterogeneous sections in the experiment had acquired

some experience with hcmogeneous sectioning. Unfortunately, some

instructors assigned homogeneous sections in the experiment had not

acquired any experience with heterogeneous sectioning.

Twenty-three instructors responded to the first nine item on the

post-treatment survey according to the scale at the top of Table 5.
Survey item and mean responses are also shown in Table 5. The strongest

opinion on these item was that hcmogeneous sectioning provides better

learning conditions for cadets of high math aptitude.

14



Table 5. Mean Responses to Post-Treatment Survey IteIms

Homogeneous Sectioning Heterogeneous Sectioning

-2 -1 0 +1 +2

Strong Moderate No Moderate Strong
Opinion Opinion Difference Opinion Opinion

Item Mean Response

Which provides better learnin; conditions for:

1. Cadets of low math aptitude? 0.00
2. Cadets of intermediate math aptitude? -0.04
3. Cadets of high math aptitude? -1.22
4. The majority of cadets? -0.13
5. In which typ-e of sectioning is the instructor's +0.35

job more difficult?

Wich type of sectioning produces:

6. More interaction between cadets in class? +0.52
7. The higher EI load? -0.26
8. The lower overall instructor workload? 0.00
9. In which tyqe of sectioning wouXl you rather teach -0.17

core math?

As can be seen in Figures 1 and 2, achievement data do not provide cczm-

pelling support for this opinion. Weaker opinions were that hete ceneous

sectioning produces more interaction between cadets in class (item 6),

that the instructor's job is more difficult in heterogeneous sections

(iten 5), and that the EI load is heavier in hcmogeneous sections (item 7).

As has been seen, this last opinion is not supported by EI data. Responses

different from zero on every item but item 3 were close enough to zero

to allow substantial possibility that they were chance fluctuations.

As a group, level 2 instructors in both treatnents tended to favor

hcmogeneous sectioning in their survey responses. Since more level 2

instructors than level 1 or level 0 instructors completed the survey,

mean responses may have been slightly biased tmward hcimogeneous sectioning

due to the disproportionately large number of experienced instructors

surveyed. Level 1 instructors as a group tended to favor heterogeneous

sectioning. Level 0 instructors were about evenly split.
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Iten 9 in Table 5 was investigated in more detail. Since all level 1

and 2 instructors were asked, Which type of sectioning would you prefer

for Math 132: (a) homogeneous, (b) undecided, or (c) heterogeneous? on

the pretreatment survey, it was possible to evaluate changes in

preference at these experience levels. Results are shown in Figure 3.

Preferred Type Before After
of Sectioning Experiment Experirent

Homogeneous

Experience Level

Undecided or F
No Preference 2

0

Heterogeneous

10 5 0 5 10
Frequency

Figure 3. Changes in Sectioning Preference

Sectioning preference of level 2 instructors was not changed by the

experiment except that one undecided instructor before opted for hetero-
geneous sectioning after the experiment. Three level 1 instructors

changed their preference from homogeneous to heterogeneous sectioning.
Three level 0 instructors opted for homogeneous sectioning and four for

heterogeneous sectioning. The overall effect of the experiment was to

swing preference toward heterogeneous sectioning.

A final iten on the post treatment questionnaire was: Which policy

would you recommend to the Department Head for core math courses:

(a) use heterogeneous sectioning only, (b) use homogeneous sectioning,

(c) let individual course directors decide, or (d) other (explain)?

16



The response pattern is represented in Figure 4.

Use hamogeneous
sectioning only

Let individual course
directors decide Experience Level

Use heterogeneous- 1
sectioning only 0

Use heterogeneous
sectioning for all but
highest studdII -

(write in response)

i i

0 5 10

Frequency

Figure 4. Core Math Sectioning Policy Reccmendations

Level 2 instructors continued their trend of preference for homogeneous

sectioning on this item. Five level 1 and level 0 instructors chose

"other" and reccmmended heterogeneous sectioning for all but the highest

aptitude students. Therefore, for the rajority of cadets in core

mathematics, level 1 and level 0 instructors indicated a preference for

heterogeneous sectioning. Overall, the number of recommendations for

each type of sectioning are equal for all but the highest aptitude

students.
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Chapter IV

DISCUSSION AND ONCT1JSIONS

In this chapter, the various measured outcomes of the experiment are

interwoven to afford a comprehenive perspective of the effects of

hamogeneous and heterogeneous sectioning.

The primary result of the experiment is that no significant differences

attributable to hcm:geneous or heterogeneous sectioning were observed on

any dependent variables measured on interval scales. Often this finding

in educational experiments can be attributed to poor design c- methodology.

The effect of most flaws in balanced experiments is to enhance the

probability of finding no significant differences. Flaws tend to mask

actual treatment differences. while no experiment is absolutely flawless,

flaws in this experiment were sufficiently minor to preclude masking of

treatment differences of sufficient magnitude to be of any practical

educational or administrative importance. In the H2 experiment, the

conduct of large homogeneously and heterogeneously sectioned core math

courses was well-simulated, confounding variables were controlled in a

carefully balanced design, sample sizes were large, and the classic

sources of internal invalidity3 were minimized. For practical purposes,

no difference in math achievement, fail rate, cadet study time, or EI

workload can be attributed to the difference between homogeneous and

heterogeneous sectioning.

One rather important result arising fran the Math 132 scores is that

math achievement seemed very insensitive to instructor experience. This

result emerged in several ways. First, no achievenent difference was

attributable to the difference in instructor experience levels, i.e.,

after accounting for cadet aptitude differences, cadet achievement under

experienced instructors was indistinguishable fran achievement under

inexperienced instructors. Second, no experience-treatment interaction

was observed. Since the preponderance of instructor experience going

into the experiment was with hamogeneous sectioning, this experience

3I
3For a detailed discussion of internal validity see D.T. Campbell, J.C.
Stanley, Experimental and Quasi-experimental Designs for Research, Rand
McNally, 1963, pp 1-17.
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might have been e~xpectedl to incranerjt achievenmnt under hcnvxjencis;

sectionirnj. In phxticular, humgjeneously sectioned high aptittde cadets

might have been exected to score higher under senior faculty than their

peers of the same aptitude who were assigned differently, but this was

not the case. Thirxi, if the instructor's perforiance on any given

lesson is improvel by experience with succee din class sections, i.e.,

if the instructor does a better job with his secorK class of the day than

with his first, there is no evidence in the results of this sttdy that

such improvement made any significant difference in cadet achievemnt.

Individual instructors liay enhiance the achievement of scan cadets (atyd

depress the achiewviJnt of others) but there is no evidenoe that the

individual instructor has any siglificant effect oLn math achievement of

cadets whol vitwLxi mlacroscoically or as a gr1oup. If there are variables,

other than cadet aptitude, which systoaptically affect the nmean level of

acievwnent in oo- math courses, t' I ariables lie outside the control

of individual instructors. They lay also lie outside the control of

course directors and even outside the control of the Department of

Mathaitical Sciences. This is a very frditful area for firther study.

A very widely believed hypothesis was that hmnue1ous sectioni1

benefits the better mith students. The streng]th of thiis belief is

apparent in thle response to item 3 of the instructor opinion survey (see

Table 5) ard in the fr ency of the reomnendation for heterxeneous

sectioning for all but the highest students (see Figure 4). lk1wever, this

hypothesis was not substantiatedv by thle achievement data; the mean

achievement of high aptitude students was slightly higher but not

significantly higher under hcmlgeneous sectioninq. 'he difference was

small enough to be attributable to measurement noise. Similarly, low

aptitude students performdci slightly better in heteroieneous sections

but the difference was not significant.

As can be seen fraM Figures 3 and 4, the mjority of senior faculty
(level 2) preferredi hxmogeneous sectioninq before and after the

experiment and roomended 1nt'eizs st'ct; octionc' nli as departmental
policy on core math sectioning. The maiority of other faculty (leReLs
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I aid 0) preferredx hotQrCo'lv()m1S sect oni nq after the e~qxviuimint and

recd11Thnded a dcypa-rtntmnt po)ic-y other- than lmrqenveous sect loniN only.

It may suffice to siq~4y txmik that "old heiatis scmxid to favor

hcmxeneous sectioniml distinct ly nure than loss exeriencxx1 faculty

and lot it qo at that. Wit in a broad sense, tHie diiartier of the H2?

study Was not, merely to make measturivints mid rqeport result-s, it was to

provide the most c-i~v iohns ive pe-rspective pssib~le for sound educationWal

l)icy rcqardimnq nude of sectionii. in tjqhit of the achievceiirnt results,

why he oncerned wi thI faculty opinion or preference? The reason is

that renl ts of e.ducational e,xeriments do not qvneral ly en joy the

sativ credibility as results of eNqx-riments in the physical sciencrs. At

the RWT~A as in other institutionms, educational lxlicy decisions- are

often baised on opinion, intuition, personal experience or sam', otiier

baxsis than chlevet i vt mo&asurcitent. Thei senior faculty exert the most

influeine of any i-tvup in estab-lishinqm, inaintainiml or al-terinql educ-

tional policy witli-n the institution and their opqinionsr~, eveni their

prefferences couild be crucial in the uiltimtate detvi iniation of scinn

policN. Therefore, if the collect-ive OpiniOn or prfrneOf tHIP S0nior

faculty differs frmxi the reiwiindor of the facuilty, the (xiivpellensiveness

of the perspect-ive is otnhancedi not only by ackmucxedin'; this difference

but also by inquiriml into the reasons for it. S-uchi an inquiry,, coniducted

a Iostvriorl, unfortunately requires conjecture. ik.ea further

research effort to substi tuto facts for conjecture could he co-ndvictedl.

One possibility is that the effect, of exeriencev in the (1,AFA is to)

evvntually convince the facuilty ncjxit- that 1xlomir~eecs sect ioninqj is the

superior mode here. Senior facuilty could then be eoxpctel to hold fairly

stronq convictions favorit-vi the hcwmmxeneus tiode. Thir mavn re-spo-nse

to iten 4 in Table 5 miqhlt then also 1-v expecd to hav a svilbstantial

neiqative value, say -1. l~kit the meain respo~nse of level 2 instructors onl

itcml 4 was only -0. 11 indicatinq that these ofiers did mo ncessarily

think that irlenos sect ioninql was better, t hou jwqt prvfrtrch it.

Perhaps w just prefer those situations with whi.c-h we are. mosxt familiar.
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The evidence fran the comparison of pretreatment and post-treatment

preference is that the net change in preference was in the direction of

increased preference for heterogeneous sectioning. Perhaps if hetero-

geneous sectioning became more familiar, it would be more widely preferred.

Perhaps if the two modes coexisted freely, a majority of faculty might

even prefer heterogeneous sectioning within a few years.

Is there a relationship between sectioning preference and aptitude

stratum of sections taught? Do senior faculty who prefer homogeneous

sectioning usually teach high aptitude (A) sections? To explore the

above possibility further during the writing of this report, a brief

poll was taken of the seven DFMS faculty in the rank of Lieutenant Colonel

and above. These were not the same officers as the level 2 instructors in

the experiment. Wen asked item 9 in Table 5, thiree strongly preferred

homogeneous sectioning, two moderately preferred it, and two moderately

preferred hetercjeneous sectioning. "In +he scale of Table 5, the mean

response was -0.86 indicating, as in the initial H2 study, a definite

preference for homogeneous sectioning. These same officers were also

queried to determine the aptitude level of sections they were teaching

or had most recently taught in large core math courses in which there

were at least five sections per hour (A,B,C,D,E). Of the five senior

faculty who had taught in such courses in recent semesters, three had A

sections only, one had A and C sections and one had D and E sections.

Of these five instructors, only the one who had D and E sections preferred

heterogeneous sectioning. It seems quite likely that if the teaching

assignments of senior faculty were distributed uniformly over the entire

aptitude spectrum, their preference for homogeneous sectioning would

diminish sharply.

Recommendation

The ensuing recomendation is based on the axian that educational

policy should only prescribe or preclude specific practices when such

prescriptions or preclusions clearly promote the highest attairrmnt of

the goals of the USAFA program. Under this axicm, faculty are minimally
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constrained and the acadenic environmrent is conducive to creative

innovation, a spirit of inquiry, and other vital ingredients in the

pursuit of educational excellence.

The purpose of the H2 experiment was to get the facts on the relative

merits of homogeneous and heterogeneous sectioning in core mathematics.

The facts are these: within the limitations of this experiment and the

methods of measuring outccmes, no difference in any educationally

important outcome is attributable to the difference between homogeneous

and heterogeneous sectioning.

In situations in which an experimental comparison is oonducted to

establish a policy where none previously existed, the null result suggests

maintenance of the status quo. In the present situation, a policy existed

before the experiment: to require homogeneous sectioning in core mathe-

atics courses. In this case, the null result does not suggest main-

tenance of the status quo. No evidence to support the present policy was

discovered. The present policy is not consistent with the results of

the experiment under the above axiam. Therefore, it is recomnded that

core math course directors be allowed to choose freely between hamo-

geneous and heterogeneous modes of sectioning.
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Appendix A

PiAN FOR THE 132 H2 ExPERimfl

ExEimental Objectives. The overall experimental objective is to
collect and analyze data fran the Spring 1979 offering of Math 132 that
will enable DFMS management to determine whether heterogeneous or hamo-
geneous sectioning is more desirable for applicable portions of the
core mathematics program. The experiment is to be designed in such a
way that interference in course operations will be minimal. At the
same time, the methodology will be as sound as possible and no data
that are readily accessible and that could be used to analyze our edu-
cational process will be overlooked.

Assignment of Hours. Math 132 will be offered each of the seven
periods on an every day basis. Periods 1, 5 and 7 will be split; that
is, both homogeneous and heterogeneous sections will be taught these
hours. The reasons to split hours are: (1) it is hypothesized that
these hours have special hour effects (sleepiness in 1 and 5 and no
athletes in 7). This experimental design will allow us to remove this
potential effect as well as test for its existence. (2) The split
hours will allow assigrment of instructors without having instructors
cross treatments. Of the remaining four periods, two will be assigned
to each treatment in such a way as to achieve aptitude equivalence
between treatment groups.

Assigrnent of Instructors. Instructors will be assigned randamly to
balance experience across treatments. Insofar as possible, instructors
will not cross treatments.

Data To Be Collected. (1) Normal grade information; (2) cadet attitu-
dinal survey; (3) instructor attitudinal survey; and (4) EI data.

Criteria To Be Used. (i) Group means; (2) group failure rates; (3) strata
means; and (4) any other meaningful criteria that can be constructed
fram the data collected. Specification of criteria will precede any
data analysis.

Course Operation. All guidance will came fram the course director on
how sections are to be treated. Policy will be that normally pramulgated
during a similar course, and will be made separately for the two treat-
ments when appropriate.

Sectioning Cadets. DFSCS will section all cadets on a homogeneous
basis using 131/131X numerical grade as the sectioning criteria. DFMS
will resection the split and heterogeneous hours.

Aptitude-Treatment Interaction. After initial sectioning has been
accomplished, treatment groups will be investigated and altered as
necessary to ensure equal aptitude profiles (as measured by 131/131X
grade) for each.

23
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Data Processing Re(uircments. One man will be designated, upon approval
of this plan, to be responsible for all data processing associated with
the experiment. Work will start immediately creating files, planning,
developing, and testing programs to be used in the experiment. Work-
load credit (research) in the spring semester will be given to the man
charged with the data processing responsibility.

Data Access. All participants in this experiment, as listed in
Responsibilities below, will have access to the experimental data for
further exploratory work.

Responsibilities.

Coordinator: LtCol J.D. Sheman

Educational Aspects: Dr. Hassett
Maj Thcmpson
Capt Webster

Statistical 's5ects: Dr. Hassett
LtCol Epv' n
Maj Mitchell
Maj Thompson

Data Processing: Capt Coffin
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Appendix B

.UPPORrINE ANALYSES

Table BI. M132/M131 Score by Treatment by Period

Treatment Period Mean Std Dev Freq

Ikmgeneous 79.1/76.2 10.8/7.6 429

1 79.2/76.3 11.8/7.4 59
2 79.7/77.0 10.3/7.3 125
5 79.3/76.7 10.1/6.8 71
6 78.7/75.6 11.5/8.2 117
7 78.4/74.7 10.5/7.7 57

Heteroqeneous 78.6/76.3 10.3/7.6 428

1 80.0/76.5 9.9/6.9 55
3 79.0/76.6 11.1/7.9 123
4 78.9/75.6 9.7/7.8 113
5 78.4/77.1 9.8/7.2 73
7 76.3/75.5 10.6/7.5 64

Table B2. ANOA for Period Effects on M131 Score

Source df MS F

Period 6 69.3 0.3

Residual 850 57.2

Table B3. ANThTA for Period Effects on M132 Score
with M131 Score as Covariate

Source df MS F

Period 6 40.3 0.8

M131 1 54481.7 1138.2*

Residual 849 47.9

p-. 001
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Table B4. Cell Statistics for Instructor Experience Analysis

Cadet Instructor
Aptitude Experience Std

Treatment Level Level Mean Dev Fre

Homogeneous IDw Inexp 69.7 9.4 92
Exp 68.4 8.7 49

Medium Inexp 79.5 7.7 105
Exp 80.5 6.4 42

High Inexp 87.4 5.1 56
Exp 88.9 6.0 85

Heterogeneous Low Inexp 69.6 8.4 85
Exp 69.6 9.3 54

Medium Inexp 78.5 7.6 88
Exp 78.7 7.4 58

High Inexp 87.1 5.7 83
Exp 87.6 5.9 60

Table B5. ANOVA for Instructor Experience Effects on M132 Score

Source df MS F

Treatment (T) 1 77.6 1.4

Cadet Aptitude (A) 2 23476.5 419.9*

Experience (E) 1 18.1 0.3

T x A 2 54.1 1.0

T x E 1 2.3 0.0

A x E 2 44.2 0.8

T x A x E 2 26.4 .5

Residual 845 4374.6

*

p<.001
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Appendix C

OPINION SMUM FORMS

Instructor Assignment Questionnaire (Pretreatment)
70:

You are scheduled to teach ___ sections of Math 132 daily in the Spring
1979 semester. An experiment to determine the relative merits of
hmogeneous and heterogeneous sectioning in Math 132 will be conducted
in the Spring semester. Half the Math 132 cadet population will be hcm-
qeneotLsly sectioned and half heterogeneously sectioned. Results from
questions 1,2,3, and 7 will be used to balance the instructor forces
assigned to each sLctioning treatment. Results fram questions 4,5,6,
and 8 will be used to satisfy individual preferences insofar as possible.
of course, it may be inpossible to satisfy every instructor's preferences.
Please camplete the questionnaire and return it to my box NLT 1630, 8 Dec.

I. Hw nkiy times have you previously 0 1 2 3 or more
taught Math 132?

2. How recently have pou taught Mathi 132?

3. If you will perform flying duties during the Spring 1979 semester,
indicate what hours would interfere most with your flying schedule.
If none, so state.

4. Indicate the specific periods that are your first preference for the

above number of Math 132 class sections.

Period 1 2 3 4 5 6 7

5. Indicate th- specific periods that are your second preference for
the above number of Math 132 class sections.

Period 1 2 3 4 5 6 7

6. Indicate the specific periods tlt you prefer not to be scheduled
for the above nutber of Math 132 class sections.

Period 1 2 3 4 5 6 7

7. Which type of sectionimg would you prefer for Matl 132?

(a) homogneous (b) undecided (c) heterogeneous

8. In the event that you are scheduled for hmiogeneous sections, what
cadet aptitude levels would you prefer to teach?

A B C D E F G H
(highest) (lowst)
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Instructor Opinion Survey (Post-treatnent)

Ibm:geneous Sectioning - aptitude variegate within each section is t.idl,
Math 131X. Half of Math 132, and Math 133 were hcmgerkouslv soctioned.

HLeterogeneous Sectioning - aptitudxe variance within each section is latixe.
Math 131, and half of Math 132 were heterogeneously sectioned.

Hcmrgeneous Sectioning |HeterogeneokLs Sectioning

-2 -1 0 +1 +2

strong moderate no moxerate s tvonq
opinion opinion di f ference opinion opinion

Express your (numerical) strength of opinion to the followinq qestiLms
using the above scale. For exanple, if you strongly believe that hcmro-
geneous sectioning is better for cadets of low math 4ptitude, rkxrd a
"-2" for the first question.

Which provides better leairninj conditions for:

1. Cadets of low n-ith aptitude?

2. Cadets of intenediate math aptitude?

3. Cadets of hiqh nmith aptitude?

4. The majority ot cadets?__

In questions 5 through 9, consider the whole spx-ctxun of hientexous
sections. Do not an-swer with specific reference to "A" sections of "H1" sx-tions.

5. In which type of sectioninq. is the instructor's jc- more difficult'

6. Which type of sectioninq produces more interaction bxtween cadets in
class?

7. Which type of sectioninq produces the higher FT load?

8. Which type of sectioning procces tlhe lower ovrall instructor
workload?

9. In which type of sectionimg would you rather teach core math?

10. Which policy would you recxmmend to the Departmeit Head for core m th

courses?

a. Use heterogeneous sectioning only.
b. Use homogeneous section only.
c. Let individual coturse directors chxoose type of sectioning.
d. Other. (explain)

11. Comments about sectioninq n oding amplification or not "iti by
survey i tem.
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